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(54) Conjugate screw rotor profile 

(57) The point of tangency of the tip circle (T M ) of 
the male rotor (16) and the root circle (T F ) of the female 
rotor (14) is used as a starting point in generating the 
series of curves defining the male and female conjugate 
rotor profiles. The present invention provides: reduced 
viscous drag through the use of a departure angle (A 1t 



A 2 ); strengthened female lobes (14-1) by controlling 
thickness along the pitch circle (P F ); opened root of male 
rotor (16) to enhance manufacturability and tool life; a 
tortuous leakage path for gas traveling from a high pres- 
sure thread to a low pressure thread; better control of 
root diameter; and control of the pressure angle inde- 
pendently of the other variables. 
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Description 

[0001] While there is some commonality between 
gears and screw rotors, a major difference is in the fluid 
sealing requirements of screw rotors. As in the case of s 
gears, screw rotors have pitch circles which represent 
locations of equal tangential velocity for conjugate pairs 
of rotors. The spiral grooves in the rotors are the loca- 
tions of the volumes of gas which are trapped and com- 
pressed due to the coaction of a conjugate pair of rotors 10 
and an enclosing casing. Accordingly, the volumes of 
the spiral grooves are a major design consideration with 
their width, depth, length and number being design var- 
iables. The shape of the cross section of the spiral 
grooves includes the variables of width and depth as 15 
well as the shape requirements for the driving/driven 
coaction between the conjugate pair of rotors. Addition- 
ally, the conjugate pair must meet the sealing require- 
ments as the line contact advances along the rotor pro- 
file in the driving/driven coaction and as the rotor tips 20 
and end faces coact with the enclosing casing. This line 
contact follows the perimeters of the rotor profiles and 
is therefore at a varying tangential speed and has sig- 
nificant radial components. Additionally, the shape and 
cross section of the spiral grooves must meet require- 25 
ments for ease of manufacture and cutting tool life. One 
problem associated with conventional screw rotor de- 
signs is that the pressure angle and lobe thickness are 
interrelated. It is desirable to minimize the pressure an- 
gle, the angle of contact between the rotors in the con- 30 
tact zone near or at the pitch circle, to provide reduced 
contact loading. However, the reducing of the pressure 
angle has an attendant undesirable reduction in lobe 
thickness such that conventional designs represent a 
compromise between desired pressure angle and de- 35 
sired lobe thickness. 

[0002] Assuming that each respective lobe tip of each 
rotor is in tangential contact with a root of the other rotor 
during a point in each revolution, the addendum of the 
lobes of one rotor will be coincident to the dedendum of 40 
the lobes of the other rotor as measured along a line 
connecting the centers of the two rotors. Ignoring run- 
ning clearances, machining tolerances, wear, thermal 
expansion, etc. there are three nominal points of tan- 
gency between a conjugate pair of rotors, namely be- 45 
tween the pitch circles and between the tip circle of each 
rotor and the root circle of the other rotor. 
[0003] The present invention is directed to an im- 
proved configuration for a conjugate pair of screw rotors. 
Among the benefits provided by the present invention 50 
are: reduced viscous drag through the use of a depar- 
ture angle; strengthened female lobes by controlling 
thickness along the pitch circle; opened root of male ro- 
tor to enhance manufacturability and tool life; a tortuous 
flow path for gas leaking from a high pressure thread; 55 
better control of root diameter; and control of the pres- 
sure angle independently of the other variables. 
[0004] It is an object of this invention to increase the 



efficiency of a screw machine. 
[0005] It is another object of this invention to provide 
conjugate screw rotor profiles having reduced leakage. 
[0006] It is a further object of this invention to achieve 
the disclosed performance based objects while improv- 
ing the manufacturability of the screw rotor profiles. 
These objects, and others as will become apparent 
hereinafter, are accomplished by the present invention. 
[0007] Basically, the point of tangency of the tip circle 
of the male rotor and the root circle of the female rotor 
is used as a starting point in generating the series of 
curves defining the male and female conjugate rotor 
profiles. Additionally, the pressure angle is independent 
of the female lobe thickness. 

Figure 1 is a transverse suction through a screw 
machine employing the present invention; 

Figure 2 is a plot of the curve segments making up 
the female rotor; 

Figure 3 is a plot of the curve segments making up 
the male rotor; 

Figure 4 is an enlarged representation of the depar- 
ture segment of the rotors of the present invention; 

Figure 5 is an enlarged representation of the depar- 
ture segment of the rotors of a PRIOR ART device; 

Figure 6 is an enlarged portion of a modified seg- 
ment of a female rotor; 

Figure 7 is an enlarged portion of a second modified 
segment of a female rotor; 

Figure 8 is an enlarged portion of a third modified 
segment of a female rotor; 

Figure 9 is an enlarged portion of a fourth modified 
segment of a female rotor; 

Figure 10 is an enlarged portion of a fifth modified 
segment of a female rotor; 

Figure 11 is an enlarged portion of a sixth modified 
segment of a female rotor; 

Figure 12 is an enlarged portion of a first modified 
segment of a male rotor; 

Figure 13 is an enlarged portion of a second modi- 
fied segment of a male rotor; 

Figure 14 is an enlarged portion of a seventh mod- 
ified segment of a female rotor; and 

Figure 1 5 is an enlarged portion of a third modified 
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segment of a male rotor which is conjugate to the 
Figure 14 configuration. 

[0008] In Figure 1 , the numeral 10 generally indicates 
a screw machine such as a screw compressor. Screw 
machine 1 0 has a casing 1 2 with overlapping bores 1 2-1 
and 12-2 located therein. Female rotor 14 has a pitch 
circle, P F: and is located in bore 12-1 . Male rotor 16 has 
a pitch circle, P M , and is located in bore 12-2. The axes 
indicated by points A and B are perpendicular to the 
plane of Figure 1 and are parallel to each other and are 
separated by a distance equal to the sum of the radius, 
R F , of the pitch circle, P F , of female rotor 14 and the 
radius, R M , of the pitch circle, P M , of male rotor 16. The 
axis indicated by point A is the axis of rotation of female 
rotor 14 and the center of bore 12-1 whose diameter 
generally corresponds to the diameter of the tip circle, 
T F , of female rotor 14. Similarly, the axis indicated by 
point B is the axis of rotation of male rotor 1 6 and the 
center of bore 12-2 whose diameter generally corre- 
sponds to the diameter of the tip circle, T M , of male rotor 
16. Neglecting operating clearances, the extension of 
the bore 12-1 through the overlapping portion with bore 
12-2 will intersect line A-B at the tangent point with the 
root circle, R MR , of male rotor 16. Similarly, the exten- 
sion of the bore 12-2 through the overlapping portion 
with bore 1 2-1 will intersect line A-B at the tangent point 
with the root circle, R FR , of female rotor 1 4 and this com- 
mon point is labeled F 1 relative to female rotor 14 and 
M 1 relative to male rotor 16. 

[0009] As illustrated, female rotor 14 has six lands, 
14-1, separated by six grooves, 14-2, while male rotor 
1 6 has five lands, 16-1, separated by five grooves 1 6-2. 
Accordingly, the rotational speed of rotor 16 will be 6/5 
or 1 20% of that of rotor 1 4. Either the female rotor 1 4 or 
the male rotor 16 may be connected to a prime mover 
(not illustrated) and serve as the driving rotor. Other 
combinations of the number of female and male lands 
and grooves may also be used. 
[001 0] The generation of the profiles of rotors 1 4 and 
16 starts with common point, F v M v as shown in Figure 
1. With reference to Figures 1-3, the curve F r F 2 on fe- 
male rotor 1 4 is generated by point M A on the male tip 
as it rotates about axis B with both of rotors 14 and 16 
having the same pitch circle velocity. Curve F r F 2 ex- 
tends from the root of female rotor 1 4 to a point, F 2 , short 
of the female pitch circle, P F . 

[001 1] Curve F 2 -F 3 is a circular arc on female rotor 1 4 
and extends from point F 2 to the pitch circle P F . The 
center of curve F 2 -F 3 is positioned such that curve F 2 - 
F 3 both intersects curve F r F 2 and is tangent to curve 
Fi -F 2 at the point of intersection. The radius of curve F 2 - 
F 3 is adjusted to provide a desired balance between 
minimum blow hole area, as it affects the angle at which 
curve F 3 -F 4 intersects the pitch circle P F , described be- 
low, and ease of manufacturing since tool life decreases 
with a reduction in the radius of curve F 2 -F 3 . 
[0012] Curve F 2 -F 3 generates curve M r M 2 on male 



rotor 16. As noted above, point M 1 generates curve F r 
F 2 so that F 2 is a common point with point Iv^ at one 
point in the rotation of the rotors. Curve M r M 2 repre- 
sents the path swept out on male rotor 16 by curve F 2 - 

s F 3 as contact advances from F 2 to F 3 while both of rotors 
14 and 16 are rotating at the same pitch circle velocity. 
[001 3] The curve F 3 -F 4 is a circular arc on female ro- 
tor 14 and its length or angular range is adjusted such 
that the male portion it generates, M 2 -M 3 , falls inside the 

10 pitch circle, P M , of male rotor 16. The center of curve 
F 3 -F 4 is positioned such that curve F 3 -F 4 both intersects 
curve F 2 -F 3 and is tangent to curve F 2 -F 3 at the point of 
intersection. Curve F 3 -F 4 influences the blow hole area, 
which is a leakage area defined by the cusp between 
bores 12-1 and 12-2 and rotors 14 and 16, and by min- 
imizing the blow hole area, the leakage area, and there- 
fore the leakage, is reduced which helps to improve the 
efficiency of screw machine 10. The radius of curve F 3 - 
F 4 is adjusted to provide a desired balance between 

20 minimum blow hole area and ease of manufacturing. 
[0014] Curve M 2 -M 3 is generated by curve F 3 -F 4 on 
the female rotor 14 and represents the clearance path 
swept out on male rotor 16 by curve F 3 -F 4 as contact 
advances from F 3 to F 4 while both of rotors 14 and 16 

25 are rotating at the same pitch circle velocity. 

[0015] The curve F 4 -F 5 on female rotor 14 is a circular 
arc extending from point F 4 to its intersection with the 
tip circle T F (bore 12-1) at point F 6 . The radius and po- 
sition of curve F 4 -F 5 is adjusted so that curve F 4 -F 5 is 

30 both coincident with and tangent to curve F 3 -F 4 at the 
point of intersection, F 4> and so that it is tangent to the 
tip circle T F (bore 12-1) at point F 5 . 
[001 6] Curve M 3 -M 4 on the male rotor is generated by 
curve F 4 -F 5 and represents the path swept out on male 

35 rotor 1 6 by curve F 4 -F 5 as contact advances from M 3 to 
M 4 while both of rotors 14 and 16 are rotating at the 
same pitch circle velocity. 

[0017] Curve F 5 -F 5 ' is a circular arc extending along 
the tip circle T F (bore 1 2- 1 ) of female rotor 1 4. Curve F 5 - 

40 F 5 ' generates curve M 4 - M 5 as contact advances from 
F 5 to F 5 ' while both of rotors 14 and 16 are rotating at 
the same pitch circle velocity. Since curve F 5 - F 5 ' is a 
circular arc on the tip circle T F (bore 1 2-1 ) of the female 
rotor 14 and is thus centered on the female rotor center 

45 A, the resulting curve M 4 - M 5 is also a circular arc which 
is centered on the male rotor center B and which is the 
root circle R MR of male rotor 16. These qualities of M 4 - 
M 5 make it particularly suited for easy generation and 
inspection and provides better control of the male root 

50 for manufacturability. 

[001 8] Points F 5 B and M 5 ' correspond to points F 5 ' and 
M 5> respectively, located on an adjacent rotor lobe face 
and will be used as starting points for describing the oth- 
er portions of the profiles of rotors 14 and 16. Straight 

55 line, or curve of infinite radius, F 5 "-F 6 extends from F 5 m 
on the tip of female rotor 1 4 at an angle, , with respect 
to a tangent at female tip circle T F (bore 12-1) at F 5 V 
Line F 5 "-F 6 extends to a point short of the female pitch 
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circle P F . The angle A 1 is the female rotor departure an- 
gle and it provides the benefit of reducing viscous drag. 
[0019] Curve M 5 '-M 6 on male rotor 16 is generated by 
line F 5 "-F 6 and represents the path swept out on male 
rotor 1 6 by line F 5 U -F 6 as contact advances from M 5 ' to s 
M 6 while both of rotors 14 and 16 are rotating at the 
same pitch circle velocity. 

[0020] Curve F 6 -F 7 is a circular arc on female rotor 
1 4. Line F 5 a -F 6 and curve F 6 -F 7 coact to: (1 ) control the 
thickness, t, of the lobes of female rotor 1 4 as measured 
along the pitch circle, P F , and which is controlled to 
maintain stiffness of the female lobe tip 14-1 to reduce 
deflection during machining; (2) to provide sufficient 
room at the base 16-2 of the male lobe so that a large, 
strong cutting tool may be used to improve the accuracy 
and speed of machining; and (3) to make the leak path 
more tortuous. 

[0021] Curve M 6 -M 7 on male rotor 16 is generated by 
curve F 6 -F 7 and represents the path swept out on male 
rotor 1 6 by curve F 6 -F 7 as contact advances from M 6 to 
M 7 while both of rotors 14 and 16 are rotating at the 
same pitch circle velocity. 

[0022] Curve M 7 -M 8 on male rotor 16 is an involute of 
a circle at the desired pressure angle. The male pitch 
circle, P M , and female pitch circle, P F , meet at a common 
point called the pitch point and have a common tangent 
at the pitch point. At any contact point between the male 
and female rotor profiles, or conjugate profiles, a com- 
mon normal can be drawn between the contact point 
and the pitchpoint. The angle between this common nor- 
mal at the contact point and the common tangent at the 
pitchpoint is called pressure angle. 
[0023] Curve F 7 -F 8 on female rotor 14 is also an in- 
volute of a circle at the desired pressure angle. For both 
rotors, the involute base circle is smaller than but pro- 
portional to the pitch circles P F and P M of the female 
rotor 14 and the male rotor 16, respectively. Thus the 
two involutes are inherently conjugate and one surface 
need not be generated by the other. Points F 7 and F 8 
are not on the same side of pitch circle, P F , but one of 
the points can be located on the pitch circle. The trans- 
mission of torque between the driving and driven rotors 
occurs at, or near, the pitch circle with some sliding but 
primarily with rolling contact between the rotors. Point 
F 7 has been illustrated as located on pitch circle P F . 
[0024] Curve M 9 -M 1 is a circular arc on the tip circle 
T M (bore 12-2) of male rotor 16. Curve F^ on female 
rotor 14 is generated by curve M g -M 1 and represents 
the path swept out on female rotor 14 by curve Mq-Mt 
as line contact advances from F 9 to while both rotors 
14 and 16 are rotating at the same pitch circle velocity. 
Since curve Mg^ is a circular arc on the tip circle T M 
(bore 12-2) of male rotor 16 and is thus centered on the 
male rotor center B, the resulting curve Fg-F, is also a 
circular arc which is centered on the female rotor center 
A and which is the root circle R FR of the female rotor 1 4. 
These qualities of curve F 9 - F-, make it particularly suit- 
ed for easy generation and inspection which provides 



better control of the female root for manufacturability. 
[0025] The curve M 8 -M g , on male rotor 1 6 is a curve 
of variable length and radius which bridges the gap be- 
tween points M 8 and M 9 , while approaching point M 9 at 
departure angle A 2 with respect to a tangent at tip circle 
T M (bore 1 2-2) of male rotor 1 6. Curve M 8 -M 9 may be a 
generalized involute or made up of two or more curves 
such as arcs of circles with different radii. Curve F 8 -F 9 
on female rotor 14 is generated by curve M 8 -M g , and 
represents the path swept out on female rotor 14 by 
curve M 8 -M 9 as line contact advances from F 8 to F 9 , 
while both of rotors 14 and 16 are rotating at the same 
pitch circle velocity. 

[0026] Alternatively, the curve F 8 -F 9 on female rotor 
14 may be a curve of variable length and radius which 
bridges the gap between points F 8 and F 9 while ap- 
proaching point F 9 at an angle which will control depar- 
ture angle A 2 with respect to a tangent at tip circle T M 
(bore 12-2) of male rotor 16 at point M 9 . Curve F 8 -F 9 
may be a generalized involute or made up of two or more 
curves such as arcs of circles with different radii. Curve 
M 8 -M 9 on male rotor 16 is generated by alternative 
curve F 8 -F 9 and represents the path swept out on male 
rotor 16 by alternative curve F 8 -F 9 as line contact ad- 
vances from M 8 to M 9 while both rotors 14 and 16 are 
rotating at the same pitch velocity 
[0027] The curves F 5 "-F 6 , M 5 '-M 6 , F 6 -F 7 , M 6 -M 7 , M 8 - 
M 9 , and F 8 -F 9 coact to provide control of the pressure 
angle independently of other profile variables such as 
female and male departure angles and A 2 , respec- 
tively, and the female lobe thickness, t, among others. 
[0028] Referring now to Figure 4, points W and X 
would correspond to points F 5 and F 5 ' of female rotor 
14 and points and M g of male rotor 16, respectively. 
The departure angle A 1 for female rotor 14 and A 2 for 
male rotor 16 is located between a tangent to curve W- 
X at point X and the departure segment S which is the 
portion of rotor 14 or 16 starting at point X and corre- 
sponding to line F 5 n -F 6 on female rotor 1 4 and curve M 8 - 
M 9 on male rotor 16. It will be noted that departure seg- 
ment S moves rapidly away from the bore which will be 
12-1 for rotor 1 4 and 1 2-2 for rotor 16. Accordingly, since 
oil film 100 is dependent upon a close distance between 
adjacent parts, its length is reduced and restricted es- 
sentially to the region of small clearance which essen- 
tially corresponds to the surface defined between W and 
X and a little past X. The reduced length of oil film 100 
results in a reduced viscous shear stress area and thus 
reduced overall drag. 

[0029] Referring now to Figure 5, points Y and Z cor- 
respond to points W and X in Figure 4. Departure seg- 
ment S' has a PRIOR ART configuration and starts es- 
sentially tangent to, and for considerable distance re- 
mains close to, the rotor bore 12-1', 12-2'. The oil film 
1 00* which develops is much longer than oil film 1 00 and 
results in a greater viscous drag as the rotor tip moves 
relative to the bore as compared to the configuration of 
Figure 4. 
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[0030] As noted above, the present invention permits 
control of the pressure angle independently of other pro- 
file variables such as female and male departure angles 
A 1 and A 2 , respectively, and the female lobe thickness, 
t, among others. Accordingly, the rotor profiles de- 
scribed above may be modified in order to achieve a 
desired design feature. 

[0031] Segment F 5 °-F 6 of Figure 2 is described above 
as a straight line or a curve of infinite radius. In reality, 
taking manufacturing tolerances and the length of F 5 n - 
F 6 into account, there would be no practical difference 
if F 5 U -F 6 is a straight line or a curved segment where the 
radius is very large, and there would be no perceived 
difference in the drawings in the absence of distortion 
at a very greatly magnified scale. Segment F 5 "-F 6 be- 
comes a point where there is tangency with the tip circle 
at F 5 " and where A 1 becomes 0°. 
[0032] Referring now to Figure 6, straight or very large 
radius segment F 5 U -F 6 has been replaced by large radi- 
us segment F 5 "-F 6 . 1 which is tangent to female rotor tip 
circle T F (bore 12-1) at F 5 ". Curved segment F 6 . r F 7 is 
of a smaller radius than curved segment F 5 D -F 6 .-,. The 
advantage of this embodiment is that A 1 , the female ro- 
tor departure angle is made 0° while still allowing for in- 
dependent control of the pressure angle and the female 
lobe thickness, t. Segments Fg'-Fg^ and Fg_-|-F 7 will 
generate modified segments corresponding to M 5 '-M 6 
and M 6 -M 7 , respectively, on male rotor 16 as described 
with respect to Figures 1-3. 

[0033] Figure 7 illustrates a second modified female 
rotor profile. Specifically, points F 5 " and F 7 are connect- 
ed through three curved segments, rather than two seg- 
ments. Segment F 5 °-F 6 . 2 is a small radius portion inter- 
secting the female rotor tip circle T F (bore 12-1). Seg- 
ment F 6 _ 2 -F 6 _ 3 is a large radius segment and segment 
F 6 _ 3 -F 7 is a small radius segment. The angle is the 
female rotor departure angle and is measured between 
a tangent to point F 6 . 2 and the female rotor tip circle T F 
(bore 12-1). Segments F 5 B -F 6 _ 2 , F 6 . 2 -F 6 . 3 and F 6 . 3 -F 7 
will generate modified segments corresponding to the 
portion between M 5 ' and M 7 on male rotor 16. The ad- 
vantage of the embodiment of Figure 7 is the elimination 
of the sharp corner at F 5 " which otherwise might be dif- 
ficult to produce with certain manufacturing processes 
such as finish milling or grinding of the lobes and tip di- 
ameter in a single operation. 

[0034] Figures illustrates a third modified female rotor 
profile. Specifically, points F 5 M and F 7 are connected 
through three curved segments. Segment F 5 "-Fg_ 4 is a 
large radius portion intersecting the female rotor tip cir- 
cle T F (bore 12-1). Segment F 6 . 4 -Fg_ 5 is a curved seg- 
ment having a smaller radius than segment F 5 "-F 6 . 4 . 
Segment F 6 _ 5 -F 7 is a curved segment having a smaller 
radius than segment Fg^-Fg^. Segments F 5 "-Fg^, F 6 ^- 
F 6 . 5 and F 6 . 5 -F 7 will generate modified segments corre- 
sponding to the portion between M 5 ' and M 7 on male 
rotor 1 6. The advantage of the embodiment of Figure 8 
is the increased flexibility in the independent selection 



of female lobe thickness, pressure angle and the radius 
of segments F 6 . 4 -F 6 . 5 and F 6 . 5 - F 7 which replace seg- 
ment F 6 -F 7 in the Figure 2 embodiment and which may 
be restricted in certain desired ranges based on manu- 
5 facturing requirements. 

[0035] Figure 9 illustrates a fourth modified female ro- 
tor profile. Specifically, points F 5 n and F 7 are connected 
through a single varying radius curve, such as an invo- 
lute, which reduces in radius in going from point F 5 n to 
point F 7 . Segment F 5 U -F 7 will generate a modified seg- 
ment corresponding to the portion between M 5 ' and M 7 
on male rotor 16. The advantage of the embodiment of 
Figure 9 is the extension of the width of the contact band 
where a constant pressure angle is maintained. 
[0036] Other variations are the cases where either 
curve M 8 -M g or curve F 8 -F 9 is made up of two or more 
curves, one of said curves may be located on a portion 
of curve M 8 -M 9 and another of said curves may be lo- 
cated on curve F 8 -F 9 , both of said curves being located 
so as not to be conjugate with each other. 
[0037] Figure 1 0 illustrates a fifth modified female ro- 
tor profile. Specifically, points F 8 and F 9 are connected 
through two curves. The two curves are F 8 - F 8 ' and F 8 
- F 9 which are each arcs of circles. Segments F 8 - F 8 ' 
and F 8 ' - F 9 will coact to generate a modified segment 
corresponding to segment M 8 - M 9 on male rotor 1 6. The 
advantage of the embodiment of Figure 10 is an alter- 
nate method of generating curves F 8 -F 9 and M 8 -M 9 of 
Figures 2 and 3, respectively, by substituting simplified 
arcs of circles on the female rotor in place of the more 
complex generalized involute. 

[0038] Figure 11 illustrates a sixth modified female ro- 
tor profile. Specifically, points F e and F 9 are connected 
through two curves. The two curves are F 8 - F 8 " which 
is a curve of continuously varying radius, such as an in- 
volute, and F 8 B - F 9 which is an arc of a circle. Segments 
F 8 -F 8 . and F 8 --F 9 coact to generate a modified segment 
M 8 -M 9 on male rotor 1 6. The advantage of the embod- 
iment of Figure 11 is an alternate method of generating 
curves F 8 -F 9 and M 8 -M 9 of Figures 2 and 3 by substi- 
tuting a simplified arc of a circle and a lower order invo- 
lute on the female rotor in place of the more complex 
generalized involute. 

[0039] Figure 1 2 illustrates a first modified male rotor 
profile. Specifically, points M 8 and M 9 are connected 
through two curves. Curves M 8 - M 8 ' and M 8 ' - M 9 are 
each arcs of circles tangent at their common point M 8 \ 
The advantage of the embodiment of Figure 12 is an 
alternate method of generating curves F 8 -F 9 and M 8 -M 9 
of Figures 2 and 3 by substituting simplified arcs of cir- 
cles on the male rotor in place of the more complex gen- 
eralized involute. 

[0040] Figure 13 illustrates a second modified male 
rotor profile. Specifically, points M 8 and Mg are connect- 
ed through two curves. Curve M 8 and M 8 B is an arc of a 
circle and curve M 8 B - Mg is a curve of continuously var- 
ying radius such as an involute. The two curves are tan- 
gent at their common point M Q \ The advantage of the 
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embodiment of Figure 1 3 is an alternate method of gen- 
erating curves F 8 -F 9 and M 8 -M 9 of Figures 2 and 3 by 
substituting a simplified arc of a circle and a lower order 
of involute on the male rotor in place of the more com- 
plex generalized involute. 

[0041 ] Figures 1 4 and 1 5 depict conjugate segments 
on a female and male rotor, respectively. The Figure 14 
modification differs from the Figure 2 embodiment in that 
points F 7 and F 9 are connected through a single curve 
of continuously varying radius, such as a generalized 
involute. Similarly, the Figure 15 modification differs 
from the Figure 3 embodiment in that points My and M g 
are connected through a single curve of continuously 
varying radius, such as a generalized involute. The ad- 
vantage of the embodiments of Figures 1 4 and 1 5 is the 
elimination of the transition at the points F 8 and M 8 and 
the associated sudden change in radius of curvature 
which in some cases might otherwise add complexity to 
the design. 



Claims 

1. Aconjugatepairof intermeshing rotors (14, 16) hav- 
ing helical lobes comprising helical crests (14-1, 
16-1) and intervening grooves (14-2, 16-2) and 
adapted for rotation about parallel axes (A, B) within 
a working space of a screw rotor machine (1 0), each 
rotor has a tip circle (T F , T M ), a pitch circle (P F , P M ), 
and a root circle (R FR , R MR ), one rotor of each pair 
being a female rotor (14) such that the major portion 
of each lobe of said female rotor is located inside 
said pitch circle of said female rotor, the other rotor 
being a male rotor (16) formed such that the major 
portion of each lobe of said male rotor is located 
outside said pitch circle of said male rotor, the lobes 
of one rotor following the grooves of the other rotor 
to form a continuous sealing line between said pair 
of rotors, a first portion of each female lobe located 
generally between the tip circle (Tp/12-1) and pitch 
circle (P F ) of said female rotor containing a first seg- 
ment (F 5 fl -F 7 ) having a large radius portion (F 5 °-F 6 ) 
nearer said tip circle of said female rotor and a 
smaller radius portion (F 6 -F 7 ) nearer said pitch cir- 
cle of said female rotor. 

2. The rotors of claim 1 wherein the radius of said large 
radius portion is infinite such that said large radius 
portion defines a straight line (F5'F6). 

3. The rotors of claim 1 wherein a second portion (F 7 - 
F 9 ) of each female rotor lobe is located generally 
between said female rotor pitch circle and said fe- 
male rotor root circle and characterized by having 
a varying radius and the conjugate portion (M 7 -M 9 ) 
on said male rotor is also characterized by having 
a varying radius (SEGMENT F 7 -F 9 ON FEMALE 
AND SEGMENT M 7 -M 9 ON MALE). 



4. The rotors of claim 1 wherein said female rotor is 
further characterized by: 

a second segment located inside said female 
pitch circle and intersecting tangentially with said f e- 
5 male root circle and having a varying radius which 
is selected such that the corresponding conjugate 
segment on said male lobe also has a varying radi- 
us (SEGMENT F 7 -F 9 ON FEMALE AND SEGMENT 
M 7 -M 9 ON MALE). 

10 

5. Aconjugatepairof intermeshing rotors (14, 16) hav- 
ing helical lobes comprising helical crests (14-1, 
16-1) and intervening grooves (14-2, 16-2) and 
adapted for rotation about parallel axes (A, B) within 

is a working space of a screw rotor machine, each ro- 
tor has a tip circle (T F , T M ), a pitch circle (P F , P M ), 
and a root circle (R FR| R MR ), one rotor of each pair 
being a female rotor (14) such that the major portion 
of each lobe of said female rotor is located inside 

20 said pitch circle of said female rotor, the other rotor 
being a male rotor (16) formed such that the major 
portion of each lobe of said male rotor is located 
outside said pitch circle of said male rotor, the lands 
of one rotor following the grooves of the other rotor 

25 to form a continuous sealing line between said pair 
of rotors, said lobes on said female rotor comprising 
at least eight segments, said lobes on said male ro- 
tor comprising at least eight segments which are 
conjugate to said female rotor segments, respec- 

30 tively, said female rotor segments starting at a first 
point coincident with a point on the female root circle 
and said conjugate male rotor segments starting at 
a corresponding first point coincident with a point 
on the male tip circle, said segments being charac- 

35 terized by: 

a first segment on said male rotor comprising 
solely said first point only on said tip circle of 
said male rotor, and a first segment on said fe- 

40 male rotor extending from said first female point 

on said female root circle to a second point ra- 
dially inward of said female pitch circle and 
which is generated by said first point on male 
rotor when both of said rotors are rotated at the 

45 same pitch velocity; (POINT M 1 ON MALE AND 

SEGMENT F r F 2 ON FEMALE) 
a second segment on said female rotor com- 
prising a circular arc extending from the said 
second female rotor point and extending to a 

50 third point located radially outward at least to 

said pitch circle of said female rotor, and a sec- 
ond segment on said male rotor extending be- 
tween said first male rotor point and a second 
male rotor point and which is generated by said 

55 second female segment when both of said ro- 

tors are rotated at the same pitch velocity; 
(SEGMENT F 2 -F 3 ON FEMALE AND SEG- 
MENT M r M2 ON MALE) 
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athird segment on said female rotor comprising 
a circular arc extending from said third female 
rotor point and extending to a fourth point locat- 
ed between said female rotor tip circle and said 
female rotor pitch circle and a third segment on 
said male rotor extending from said second 
male rotor point to a third male rotor point and 
which is generated by said third female seg- 
ment when both of said rotors are rotated at the 
same pitch circle velocity; (SEGMENT M 2 -M 3 
ON MALE AND SEGMENT F 3 -F 4 ON FE- 
MALE) 

a fourth segment on said female rotor compris- 
ing a circular arc extending from said fourth fe- 
male rotor point and extending to a fifth female 
rotor point which is coincident with a point on 
said female tip circle, and a fourth segment on 
said male rotor extending from said third male 
rotor point to a fourth male rotor point which is 
coincident with a point on said male root circle, 
and said fourth male rotor segment which is 
generated by said fourth female segment when 
both of said rotors are rotated at the same pitch 
circle velocity; (SEGMENT F 4 -F 5 ON FEMALE 
AND SEGMENT M 3 -M 4 ON MALE) 
a fifth segment on said female rotor comprising 
a circular arc coincident with said female rotor 
tip circle and extending from said fifth female 
rotor point to a sixth female rotor point, and a 
fifth segment on said male rotor extending from 
said fourth male rotor point to a fifth male rotor 
point and which is generated by said fifth fe- 
male segment when both of said rotors are ro- 
tated at the same pitch circle velocity; (SEG- 
MENT F 5 -F 5 ' ON FEMALE AND SEGMENT 
M 4 -M 5 ON MALE) 

a sixth segment on said female rotor which ex- 
tends from said sixth female rotor point on said 
tip circle of said female rotor to a seventh fe- 
male rotor point located on or radially outward 
of said female rotor pitch circle comprising a 
curve of generally large radius in the outward 
end nearer said female rotor tip circle and hav- 
ing a generally smaller radius in the inward end 
nearer said female rotor pitch circle, and a sixth 
segment on said male rotor extending from said 
fifth male rotor point to a sixth male rotor point 
and which is generated by said sixth female 
segment when both of said rotors are rotated 
at the same pitch circle velocity; (SEGMENT 
F 5 "-F 7 ON FEMALE AND SEGMENT M 5 '-M 7 
ON MALE) 

a seventh segment on said male rotor which ex- 
tends from said sixth male rotor point to an sev- 
enth male rotor point which is coincident with a 
point on said tip circle of said male rotor and 
said seventh male rotor segment comprising a 
curve characterized by having a varying radius, 
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and a seventh segment on said female rotor 
which extends from said seventh female rotor 
point to an eighth female rotor point which is 
coincident with a point on said female root circle 
and at least a portion of said eighth female rotor 
segment being generated by at least a portion 
of said seventh male rotor segment when both 
of said rotors are rotated at the same pitch cir- 
cle velocity; (SEGMENT M 7 -M 9 ON MALE AND 
SEGMENT F 7 -F 9 ON FEMALE) 
an eighth segment on said male rotor compris- 
ing a circular arc coincident with said male tip 
circle and extending from said seventh male ro- 
tor point to an eight male rotor point which is 
coincident with said first male rotor point for the 
subsequent male lobe, and an eighth segment 
on said female rotor extending from said eight 
female rotor point to a ninth female rotor point 
which is coincident with said first female rotor 
point for a subsequent female lobe, said eighth 
female rotor segment being generated by said 
eighth male rotor segment when both of said 
rotors are rotated at the same pitch circle ve- 
locity. (SEGMENT M 9 -M 1 ON MALE AND SEG- 
MENT F 9 -Ft ON FEMALE) 

The rotors of claim 5 wherein said seventh male ro- 
tor segment contains two or more different arcs of 
circles. 
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